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DESCRIPTION 

ROTATING ASSEMBLY AND ITS MANUFACTURING METHOD 
BACKGROUND OF THE INVENTION 

I . Technical Field 

[0001] The present invention relates to a rotating assembly in which 
a rotating member is fastened onto a shafts and its manufacturing 
method. 

II. Ba ckground Ar t Description of the R elated Art 

[0002] There is [[a]] conventional art in which an inner hole having 
a stepped portion is formed on a cam piece, a pipe-shaped shaft is 
inserted into this inner hole and then, a high-pressure fluid is 
injected into the shaft to expand it outward so that the shaft is 
accommodated in the stepped portion of the inner hole so as to fix 
the cam piece onto the shaft (See Patent Document 1 Japanese Patent 
Laid-Qpen No. 2003-314576 , for example) . According to this technique, 
a the fastening strength between the cam piece and the shaft can be 
improved by a portion accommodated in the stepped portion of the shaft 
as a hook. 

Pat e n t Document 1 : — Japanese Patent Laid-Opcn No. — 2003-311576 
[0003] However, it is necessary to inject a high-pressure fluid 
into a shaft in order to form a camshaft by the above-mentioned 
conventional art, which requires a large amount of labor and many 
processes as well as equipment such as a high-pressure fluid source, 
a shaft sealing apparatus or the like for-tfee manufacture. There 
is a method in which, after expanding a diameter of an inner hole 
by heating the camshaft without injecting high pressure, the shaft 
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is inserted into the inner hole and cooled for fixation. But the 
inner hole is pressed by the shaft and the surface shape of the cam 
piece is affected by that and changed, and it is necessary to polish 
the surface of the cam piece in order to correct the problem. 
[0004] The present invention-^e e has been made based on the above 
circumstances and has an object to provide a rotating assembly which 
can fix a rotating member easily onto a shaft and its manufacturing 
method. 

Brief Summary of the Invcntion SUMMARY OF THE INVENTION 
[0005] As means to achieve the above object, a rotating assembly 
according to the present invention in which a rotating member is fixed 
onto a shaft by inserting the shaft into an inner hole of the rotating 
member is characterized in that a diameter of the inner hole is formed 
smaller than an outer diameter of an insertion portion of the shaft, 
and a plurality of grooves extending in the insertion direction are 
formed on one of the inner hole and an outer circumferential surface 
of the shaft, after the diameter of the inner hole is expanded by 
heating the rotating member, the shaft is inserted into the inner 
hole and cooled to reduce the diameter of the inner hole again, the 
other of the inner hole and the outer circumferential surface of the 
shaft is pressed and raised by the other part and enters the grooves 
so that both of them are fixed and formed. 
[0006] In this way, one of the inner hole and the outer 
circumferential surface of the shaft is pressed and raised by the 
other and enters the grooves so that both of them are fixed. Thus, 
the portions having entered into the grooves serve as a hook, and 
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the rotating member can be firmly fixed onto the shaft easily. Moreover, 
before attaching the rotating member onto the shaft, an area of the 
inner hole brought into contact with a gauge or the like is reduced 
by the presence of the grooves when inserting a gauge for inspection 
or the like into the inner hole. Therefore, a resistance at insertion 
can be reduced, and inspection workability can be improved. 
[0007] As embodiments of the present invention, the following 
constructions are preferable: 

(1) The rotating member is a cam piece having a 

circumferential-shaped outer circumferential surface surrounding the 
inner hole and a cam profile continuing to this outer circumferential 
surface and projecting outward, the plurality of grooves are formed 
in the inner hole, and by inserting the driving shaft into the inner 
hole, the cam piece is fastened onto the inner hole so as to form 
a camshaft. 

[0008] By this, when the cam piece is fixed to the driving shaft, 
the driving shaft enters the groove, which relaxes a pressing force 
of the driving shaft applied to the cam piece and prevents shape change 
of the cam profile. 

[0009] (2) In the above description in (1) , at a portion in the 
inner hole positioned inward of the location where the 
circumferential-shaped outer circumferential surface continues to 
the cam profile, a large-diameter escape portion is formed to prevent 
contact with the outer circumferential surface of the driving shaft 
when the cam piece is fastened to the driving shaft. 
[0010] By this, the shape of the location of an outline of the cam 
piece, which is close to the inner hole and continuing to the cam 
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profile for controlling a work amount of a valve member of an engine, 
can be prevented from being changed by fastening of the cam piece 
to the driving shaft. 

[0011] (3) In the above description in (1) or (2), a hardness 
of the inner hole of the cam piece is higher than the hardness of 
the outer circumferential surface of the driving shaft. 
[0012] By this, when the cam piece is fixed to the driving shaft, 
the driving shaft is raised and easily enters the grooves, by which 
both are firmly fixed. And since deformation on the cam piece side 
is small, influence on the shape of the cam profile can be reduced. 
[0013] (4) As a method for manufacturing a rotating assembly, 
in a manufacturing method of a rotating assembly in which a rotating 
member is fixed onto a shaft by inserting the shaft into an inner 
hole of the rotating member, a diameter of the inner hole is formed 
smaller than an outer diameter of an insertion portion of the shaft, 
a plurality of grooves extending in the insertion direction are formed 
on one of the inner hole and an outer circumferential surface of the 
shaft, after the diameter of the inner hole is expanded by heating 
the rotating member, the shaft is inserted into the inner hole and 
cooled to reduce the diameter of the inner hole again, the other of 
the inner hole and the outer circumferential surface of the shaft 
is pressed and raised by the other part and enters the grooves so 
that both are fixed. 

[0014] By this, one of the inner hole and the outer circumferential 
surface of the shaft is pressed and raised by the other and enters 
the grooves so that both of them are fixed. Thus the portions having 
entered the grooves serve as a hook, by which the rotating member 
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can be firmly fixed onto the shaft in a simple method. Moreover, 
when the rotating member is fixed to the shaft, one of the inner hole 
and the outer circumferential surface of the shaft enters the grooves, 
which relaxes a pressing force received by the rotating member from 
the shaft and can prevent deformation of the outer shape. 
[0015] According to the rotating assembly and its manufacturing 
method of the present invention, the rotating member can be easily 
fixed onto the shaft. 

Brief Description of the Drawings 

[0016] Figure 1 is a partial view of an appearance of a camshaft 
according to an embodiment of the present invention; 

Figure 2 is a front view of the cam piece shown in Figure 1; 

Figure 3 is an A-A sectional view of Figure 1; 

Figure 4 is an enlarged view of Figure 3; 

Figure 5A is an enlarged view showing a variation of one 
embodiment; 

Figure 5B is an enlarged view showing a variation of one 
embodiment; 

Figure 5C is an enlarged view showing a variation of one 
embodiment; 

Figure 6 is a sectional view of the camshaft according to an 
embodiment of the present invention; and 

Figure 7 is a cross sectional view of figure 1 showing another 
embodiment of the present invention. 
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i — . . . Camshaft 
3 — — B - r-i - v - i - ng s ha ft 
■3 — , . . Cam piece 
3— — r-v: — i - Hfl - e - g- - he4- - e 

3-3 — . . . Cam profile 
3-4 — m-Gfeeve 
3-6 — s-t-; — Raised portion 
37 ... Eoc ap c p ort io n 

Beat Mode for Carrying Out th e I nven t i o n BE T A I LE D DESCRIPTION OF THE 

INVENTION 

<Embodiment 1> 

[0017] An embodiment 1 of the present invention will be described 
referring to Figures 1 to 5C. As shown in Figure 1, a camshaft 1, 
which is a rotating assembly according to this embodiment, has a 
plurality of cam pieces 3 fastened and formed on a driving shaft 2 . 
The driving shaft 2 is formed by a pipe material made of a carbon 
steel or an alloy steel such as STKM material. The cam piece 3 is 
formed by a sintered material obtained by pressurizing and molding 
a metal powder of a carbon steel or an alloy steel containing Cr, 
V in a die and sintering it at a high temperature. As shown in Figure 
2, an inner hole 31 pierces the inside of the cam piece 3, and an 
inner diameter d of the inner hole 31 is formed smaller than an outer 
diameter of an insertion portion of the driving shaft 2 . Moreover, 
in the cam piece 3, a circumferential-shaped outer circumferential 
surface 32 is formed surrounding a part of the inner hole 31, and 
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furthermore, a cam profile 33 projecting outward is formed continuing 
to the outer circumferential surface 32 . 

[0018] Plurality of grooves 34 extending in a direction (which will 
be described later) in which the driving shaft 2 is inserted into 
the cam piece 3 are formed on the inner hole 31. The grooves 34 are 
formed so that they are arranged evenly on the inner hole 31. In 
the cam piece 3 shown in Figure 2, since a section of each of projection 
portions 35 arranged between the grooves 34 is formed in a rectangular 
shape in cross section, the section of the groove 34 is also formed 
in the rectangular shape in cross section. But by making— jr fe the 
pro j ect ion portions as [ [a] ] pro j ection portion 35A with a trapezoidal 
section as shown in Figure 5 A, a project ion port ion 35B with a triangular 
section as shown in Figure 5B or aprojection portion 35C with a circular 
section as shown in Figure 5C, a similar effect can be obtained^ even 
if the sectional shape of the grooves 34A, 34B, 34C arranged between 
each of them is changed as appropriate. A hardness of at least the 
inner hole 31 of the cam piece 3 is not less than Hv 350, though not 
limited to this, which is formed higher than the hardness of the outer 
circumferential surface of the driving shaft 2 (Hv 150 to 200) . The 
groove 34 maybe formed at the same time with the outer shape at molding 
of the cam piece 3, but the cam piece 3 may be sintered after forming 
by machining after molding of the outer shape of the cam piece 3. 
[0019] Next, a method for fastening the cam piece 3 onto the driving 
shaft 2 will be described. First, the cam piece 3 with a plurality 
of grooves 34 formed in the inner hole 31 is heated at a high temperature 
of not less than 200°C so as to expand the inner diameter d of the 
inner hole 31. In this state, the driving shaft 2 is inserted into 
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the inner hole 31 of the cam piece 3 in the length direction (shrink 
fitting) . Since the diameter of the inner hole 31 has been expanded 
by heating, insertion of the driving shaft 2 can be carried out smoothly. 
[0020] Next, when the driving shaft 2 is cooled while being inserted 
into the inner hole 31 of the plurality of cam pieces 3, the diameter 
of the inner hole 31 which has been expanded is reduced again, which 
begins to press the outer circumferential surface of the driving shaft 
2 inward. Therefore, the outer circumferential surf ace of the driving 
shaft 2 with a hardness lower than that of the inner hole 31 is pressed 
by the inner hole 31, portions opposite to the grooves 34 not bound 
by the inner hole 31 are raised outward, and each of them enters the 
grooves 34 (See Figures 3 and 4) . By this, the driving shaft 2 and 
the cam piece 3 are firmly fixed to each other, and the camshaft 1 
is completed. The camshaft 1 is rotatably fixed in a cylinder head 
in an internal combustion engine, not shown, and is rotated to control 
operation of an intake/exhaust valve in contact with the cam profile 
33. 

[0021] According to this embodiment, the outer circumferential 
surface of the driving shaft 2 is pressed and raised by the inner 
hole 31 and enters the groove 34 and both of them are fixed to each 
other. Thus, the portions having entered the groove 34 serve as a 
hook and the cam piece 3 can be firmly fixed onto the driving shaft 
2 with an easy method. Also, when a gauge for inspection or the like, 
not shown, is to be inserted into the inner hole 31 to inspect accuracy 
of the inner diameter d of the inner hole 31 before mounting the cam 
piece 3 to the driving shaft 2, an area of the inner hole 31 in contact 
with the gauge or the like is reduced by the presence of the groove 
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34, resistance at insertion can be reduced, and inspection workability 
is improved. Also, when the cam piece 3 is fixed to the driving shaft 
2, the driving shaft 2 enters the groove 34, and a pressing force 
received by the cam piece 3 from the driving shaft 2 is relaxed and 
the shape of the cam profile 33 is not changed. 

[0022] Moreover, since the hardness of the inner hole 31 of the 
cam piece 3 is higher than the hardness of the outer circumferential 
surface of the driving shaft 2, when the cam piece 3 is fixed to the 
driving shaft 2, the driving shaft 2 easily enters the groove, by 
which both are fixed firmly and deformation on the cam piece 3 side 
is small. Therefore, influence on the shape of the cam profile 33 
can be reduced. Furthermore, if the grooves 34 are formed on the 
inner hole 31 at molding of the cam piece 3, there is no need to conduct 
machining and the productivity can be improved. 
<Embodiment 2> 

[0023] Next, feature portions of an embodiment 2 of the present 
invention will be described referring to Figure 6. In the inner hole 
31 of a cam piece 3A according to this embodiment, a plurality of 
grooves 34 are formed, which is similar to embodiment 1. The grooves 
34 are formed in a series at a portion located inward of the cam prof ile 
33 (upper part of the inner hole 31 in Figure 6) and a portion opposite 
thereto and located inward of the circumferential-shaped outer 
circumferential surface 32 (lower part of the inner hole 31 in Figure 
6) , respectively. Large-diameter escape portions 37 formed by 
hollowing the inner hole 31 outward are provided between the series 
of grooves 34 formed to be opposed to each other. The pair of escape 
portions 37 are opposed to each other and located inward of raised 
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portions 36, which are portions where the circumferential-shaped outer 
circumferential surface 32 of the cam piece 3A continues to the cam 
profile 33 . And the portions 37 extendcircumf erentiallyby the length 
of several grooves 34 so that the inner hole 31 is not brought into 
contact with the outer circumferential surface of the driving shaft 
2 when the cam piece 3A is fastened to the driving shaft 2. 
[0024] According to this embodiment, since the large-diameter 
escape portions 37 are formed at the portion located inward of the 
raised portions 36 so that contact with the outer circumferential 
surface of the driving shaft 2 can be avoided when the cam piece 3A 
is fastened to the driving shaft 2, change of the outer shape of the 
raised portions 36 can be further prevented even at a position close 
to the inner hole 31 and susceptible to the pressing force from the 
driving shaft 2 by fixation of the cam piece 3A to the driving shaft 
2. It is to be noted that, since the cam profile 33 is located away 
from the inner hole 31, its outer shape is hardly changed, and the 
circumferential-shaped outer circumferential surface 32 is not 
brought into contact with the other part and does not function as 
a cam surface for controlling an operation amount of a valve member 
of an engine. Thus, it is not necessary to provide escape portions 
37 at cam profile 33. 
<Other Embodiments> 

[0025] The present invention is not limited to the embodiments 
described in the above description and drawings, but the following 
embodiments, for example, are included in the technical scope of the 
present invention, and various changes can be made other than the 
following without deviating from the scope of the present invention. 
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[0026] (1) The grooves may be formed on the outer circumferential 
surface side of the driving shaft as shown in Figure 7; and 
[0027] (2) The present invention can be applied to any rotating 
assemblies such as a steering shaft, a counter gear of a transmission 
or the like other than the camshaft. 
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ABSTRACT 

An inner hole [ [31] ] to which a driving shaft [ [2] ] is inserted 
is formed in a cam piece [ [3] ] of a camshaft [ [1] ] , and a plurality 
of grooves [ [34] ] extending in the insertion direction of the driving 
shaft [ [2] ] are formed in the inner hole [ [31] ] . The driving shaft 
[ [2] ] is inserted into the inner hole [ [31] ] with the cam piece [ [3] ] 
heated to expand the diameter of the inner hole [ [31] ] . By reducing 
again the diameter of the inner hole [[31]] by cooling it in this 
state, an outer circumferential surface of the driving shaft [[2]] 
is pressed and raised by the inner hole [ [31] ] and enters the groove 
[ [34] ] , by which the cam piece [ [3] ] is firmly fixed onto the driving 
shaft [ [2] ] . 



